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INTRODUCTION 
Measurements on the electrical conductivity at 25°C. of sodium and potas- 
sium  gualacolates in guaiacol,  which was  nearly saturated  with water,  were 
reported in this journal some years ago?  From these measurements values of 
the  limiting  equivalent  conductances  and  of  the  ionization  constants  were 
obtained for these salts.  The calculations involved the simultaneous solution 
of three equations; namely, a  cubic conductance equation, a  quadratic mass 
law  equation,  and  a  logarithmic  activity coefficient equation.  The  mathe- 
matical treatment used had been described by Fuoss and Kraus.  2  A  simpler 
treatment was  subsequently published by Fuoss,  3 and the author  4 published 
a  simplification of the method of computation,  by replacing  the  cubic con- 
ductance equation with a  quadratic. 
A recomputation of our data on the conductance of  sodium and potassium 
gualacolates by this improved method leads to somewhat  different values for 
the limiting conductances and ionization constants.  In this communication 
the new computation will be given, and it will be shown that the  constants 
so derived result in equations which hold to higher concentrations than  had 
been formerly reported. 
THEORETICAL 
The equations used in the  computations of the  conductance data  are the 
following:  4 
A modified form of the Onsager equation for weak electrolytes, 
-  =  -  +  (1) 
the law of mass action, 
CO  ~ 
(i -  0) 
1 Shedlovsky, T., and Uhlig, H. H., J. Gen. Physiol., 1933-34, 17, 549. 
Fuoss, R. M., and Kraus, C. A., J. Am. Chem. Soc., 1933, 55, 476. 
3 Fuoss, R. M., Y. Am. Chem. Soc., 1935, fi7, 488. 
4 Shedlovsky, T., J. Franklin Inst.,  1938, 9.25, 739. 
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a  convenient parameter defined by 
,,A0+ aX/-  ~ 
z  =  ~  ~/cA  (a) 
and another convenient parameter, 
z* 
F=  l+z+  ~-  (4) 
In these equations, A is the equivalent conductance at the concentration, C; 
A0 is the corresponding value at C  =  0; 0 is the degree of ionization; 7  is the 
mean ionic activity coefficient; K  is the ionization constant, and ~z and B are 
theoretical constants  of the  Onsager conductance equation,  which are  2.93 
and  19.36  respectively for water-saturated  guaiacol at  25 °. 
Combining equations (1), (3), and (4) there results 
AF 
o  =  --  (5) 
Ao 
which, with equation (2), yields 
CM F  2  ~2 
AF =  Ao -- 
KAo 
or 
(6) 
~=Ao +  KA~  (6') 
The activity coefficient, 7,  is given by the Debye-Hiickel equation 
-  log ~  =  ~x/~  (7) 
in which the constant a has the value 6.52 for water-saturated guaiacol at 25  °. 
1 
When a  suitable value of A0 is chosen, a  plot of ~  vs. CAF7  ~ should from 
1 
equation (6') be linear, extrapolating to A0"  The corresponding value of K  is 
obtained from the slope, (~). 
RESImTS AND DISCUSSION 
The results of the new computations are listed in Tables I, II,  and III.  I 
am greatly indebted to Dr. W. J. V. Osterhout for new measurements on the 
conductance of sodium guiacolate extending to higher concentrations than we 
had measured.  They are  listed in  Table  nI.  The  corresponding plots  of 
1 
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It will be noted that the points at higher concentrations exhibit considerable 
curvature from the straight line.  This is probably due to failure of the "linfit- 
Lug law" for activity  coefficients,  equation  (7),  at  these  values.  However, 
TABLE I 
Potassium Cruaia~olate,  Ao =  9.5 
C (mole/liter) 
F. 
9.. 
t/aF. 
r: (equation 7) 
p  (equation 7') 
0.442 X  10  ~ 
2.461 
1.055 
0.2732 
0.385 
0.719 
0.734 
0.959 X  10-: 
1.808 
1.069 
0.2035 
0.517 
0.657 
0.680 
2.151 X  10  -t 
1.300 
1.089 
0.149} 
0.706 
0.584 
0.616 
3.719  X  10-* 
1.037 
1.105 
0.1206 
0.873 
0.529 
0.569 
5.765 X 10-* 
0.862 
1.120 
0.1017 
1.036 
0.483 
0.530 
TABLE H 
Sodium Cruaiacolale,  Ao =  9.0 
C  (mole/liter) 
A ..................... 
F  ....................... 
e  ...................... 
I/AF  .................. 
"r  I (equation 7) .......... 
(equation  7')  ......... 
0.20X10-m 
2.893 
1.042 
0.3350 
0.332 
0.779 
0.788 
0.771  X  lO-m 
1.063 
0.2017 
0.551 
0.688 
0.706 
2,24 X  I0- 
1.097 
1.088 
0.1325 
0.838 
0.596 
0.626 
4.54 X  I0-~ 
1.108 
0.0996 
1.116 
0.528 
0.568 
9.01  X  10-  I 
0.601 
1.132 
0.0756 
1.469 
0.457 
0.5O9 
16.55 X  lO-S 
0.460 
1.159 
0.0593 
1.874 
0.389 
0.453 
TABLE III 
Sodium Guaiacolat~, Ao =  9 
C  (mole/liter) 
A  ...................... 
F  ...................... 
e  ...................... 
1/AF  .................. 
v= (equation 7) .......... 
(equation 7') ......... 
4.49  X  10  "a 
0.811 
1.107 
0.0998 
1.114 
0.530 
0.570 
).18  X  10-s 
0.595 
1.133 
O. 0750 
1.482 
0.455 
O. 507 
20.19 X  10-¢ 
0.426 
1.169 
0.0553 
2.008 
0.367 
0.434 
30.46 X  10- 
0.356 
1.192 
0.0471 
2.357 
0.321 
0.397 
t9.99  X  10- 
0.283 
1.222 
0.0384 
2.893 
0.268 
0.354 
98.3 X  10-  s 
0.204 
1.269 
0.0288 
3.864 
0.203 
0.300 
if  instead  of  equation  (7),  we use  the  Debye-Hiickel "first approximation" 
equation, 
-  log  (70 
l+bv/  
which reduces to equation (7) at low concentrations, most of the curvature  in 290  CONDUCTIVITY OF  SODID3~  AND POTASSIUM" GUAIACOLATES 
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FIG. 1.  Equations (6') and (7). 
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FIG. 2.  Equations (6') and (7'). 
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1 
the plot of ~F vs. CAF7  ~ can be removed, as is shown in Fig. 2.  The empirical 
constant b of equation (7 t) depends on the average ionic diameter for the salt. 
For  these  guaiacol  solutions  b  =  0.766  A,  the  factor A  being expressed  in 
TABLE  IV 
1  Old 
KG  ...................  8.0 
NaG ..................  .  7.5 
Ao 
New 
9.5 
9.0 
Old 
5.1  X  10  -~ 
4.3 X  10-  5 
K 
New 
3.4 X  10  -5 
2.8 X  10  -5 
'1.0 
02 
0.7 
115 
if5 
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FIG. 3.  Dependence of activity coefficient and of degree of ionization on concentra- 
tion. 
AngstrOm  units.  The  value  of  b  =  6.1  was  used  in  the  computations  for 
preparing the plot in Fig.  2.  This corresponds to a  reasonable value of the 
mean ionic diameter of about 8/k.  Here it should be stated that the factor 
1  in the activity coefficient equation tends to take into account ion- 
ion interactions which are also involved in the mass action formulation, as has 292  CONDUCTIVITY  O]~  SODIU~  AND  POTASSIU~  GUAIACOLATES 
been pointed out by Fuoss.  2  It is, however, largely an empirical term, and its 
inclusion in the computations makes it possible to extend the validity of equa- 
tion  (6')  to  higher  concentrations.  The  values we  formerly published  1 for 
the constants of sodium and potassium gnalacolates in water-saturated gnaiacol 
at 25 ° and the recomputed values are given in Table IV. 
The discrepancy in K  which appears to be large is mostly illusory, however, 
since the product of K and A~ is the significant term in the equations, and this 
product has been altered but little. 
It may appear disturbing to contemplate the new values for K in connection 
with partition coefficient data on these salts, distributed between water and 
gnaiacol, which we had previously reported.  5  However, here again, the im- 
portant  quantity is S~o/K, in which So is the  limiting  partition  coefficient. 
Here, the new value of So for potassium guaiacolate is So =  0.0127 instead of 
0.0153,  and for sodium gnalacolate So  =  0.00713  instead of 0.00855.  The 
agreement between the observed and calculated values of the salt concentra- 
tions in  the  non-aqueous phase  (Shedlovsky and  Uhlig,  Tables  I  and  II  ~) 
is,  ff anything, improved. 
It may be of interest to show how marked is the dependence of the degree 
of ionization, O, and of the activity coefficient, ~,, on concentration, C, for these 
salts, which are weak electrolytes in guaiacol, although they are strong elec- 
trolytes in water.  Plots of 0 vs. C and of ~, vs. C are shown in Fig. 3 for sodium 
gnaiacolate. 
I wish to express my thanks to Dr. W. J. V. Osterhout for making his meas- 
urements on sodium guaiacolate available to me, and for stimulating discussion. 
SUMM~kR¥ 
The data of the author and Uhlig, and new data, on the conductivity of sodium 
and of potassium gnalacolates in gnaiacol at 25  ° have been computed with an 
improved conductance equation which is valid to  somewhat higher concen- 
trations than the equations formerly used. 
The new constants are, A0 =  9.0, K  =  2.8 X  10  -5 for sodium guaiacolate 
and Ao =  9.5, K  =  3.4 X  10  -5 for potassium gnalacolate. 
5 Shedlovsky, T., and Uhlig, H. H., J. Gen. Physiol., 1933-34, 17, 570. 